American prisons has been associated with transmission of methicillin-resistant Staphylococcus aureus (MRSA), hepatitis C, human immunodeficiency virus (HIV), and tuberculosis [3] [4] [5] [6] . Several large outbreaks of MRSA have occurred in correctional facilities in California, Texas, Missouri, Georgia, and Mississippi [7] [8] [9] [10] . Many inmates enter the prison with a confluence of established community-associated (CA)-MRSA risk factors including illicit drug use, low socioeconomic status, tattoos, immunosuppression from HIV/AIDS, and other chronic health conditions [3] [4] [5] [6] [7] [8] [9] [10] [11] . Upon admission, they are frequently subjected to crowding, highrisk social networks, and variable hygiene conditions that further increase their risk. Taken together, these factors place incarcerated individuals at elevated risk of MRSA colonization and infection [4] . To date, the epidemiology of staphylococcal infections in prisons has received comparatively less attention than that of jails [12] . It should also be noted that the majority of studies on staphylococcal epidemiology in the community setting have focused on MRSA. Whether principles of MRSA epidemiology can be applied to methicillinsusceptible strains remains unclear at present.
Although prisons and communities operate as distinct environments, transmission of MRSA between the 2 settings occurs on a regular basis [8, 9, 11, 13] . Several large epidemiological investigations have identified recent incarceration or contact with incarcerated individuals as important risk factors for the development of MRSA infection in the community setting [14, 15] . These findings have led some investigators to consider correctional facilities as "amplification zones" that are capable of accelerating the MRSA epidemic in the community at large [16] . MRSA infection control interventions in correctional settings have been almost exclusively in response to outbreaks [4, [17] [18] [19] [20] . Despite some success in the implementation of multifactorial response measures, there remain great opportunities for prevention on the individual, institutional, and system-wide levels. The objective of this study was to characterize the epidemiological and microbiological determinants of S. aureus (SA) clinical infection in maximum security prisons to facilitate the development of effective prevention strategies for this underserved population.
METHODS

Study Sites
We conducted a case-control study of SA infection at 2 New York State (NYS) maximum security prisons: Sing Sing Correctional Facility (housing approximately 1800 men) and Bedford Hills Correctional Facility (housing approximately 900 women). Average length of incarceration is greater at Bedford Hills than Sing Sing (38 months v. 21 months, respectively) [21] . The majority of inmates at both prisons are serving sentences for violent or drug-related felonies committed in NYC.
Study Design, Subject Enrollment, and Data Collection
Participation in this study was voluntary; compensation is not permitted for prison inmates in NYS. Eligibility requirements included the ability to provide informed consent and age ≥16 years (emancipated adults in NYS prisons). Case subjects were ascertained by prison-based medical staff who were trained on the signs and symptoms of purulent skin infections. Providers were instructed to refer all confirmed or suspected SA skin infections to our study team for further evaluation. Case subjects with positive SA cultures were specified as "confirmed"; those without culture-proven SA were considered "probable." Three control subjects were matched by gender and time of infection with each case in a contemporaneous fashion. Controls were randomly selected through our ongoing investigation of SA colonization in NYS prisons [21, 22] . Male controls were recruited directly from public locations in the prison (training and counseling buildings, dining halls); female controls were called to the prison medical facility prior to being invited to speak with a researcher.
Cases and controls had cross-sectional data collected on a number of factors relating to demographics, behavior (including illicit drug use, hygiene, recreational activities), and health status (including medical comorbidities, past infections, and past antibiotic use) [22] . In addition to information collected by research assistants using a standardized questionnaire, our study team had access to prison medical records and the centralized prison database that included information on duration of incarceration and prison transfer history. At the time of the study interview, research assistants collected cultures from the anterior nares and oropharynx of both cases and controls. When obtained, clinical cultures were collected by prisonbased medical providers prior to referral for study enrollment. The study was approved by the institutional review boards of Columbia University Medical Center and the NYS Department of Corrections and Community Supervision.
Processing and Analysis of Cultures
Samples for culture were collected on rayon tipped swabs and processed in our laboratory as previously described [21, 22] . To determine the clonal type of each strain, isolates were spa typed by polymerase chain reaction sequencing. Spa typing allows for the categorization of strains based on heterogeneity of spa tandem repeats [23, 24] . Sequence analysis was performed using Ridom bioinformatics software (Ridom GmbH, Germany) by comparing different strain profiles through an international database. All clinical isolates underwent antimicrobial susceptibility testing by the Kirby-Bauer disc diffusion method. The antimicrobial agents tested included clindamycin, erythromycin, levofloxacin, linezolid, penicillin, oxacillin, and vancomycin [25] .
Data Analysis and Statistical Power
Data from both facilities were pooled together for a single risk factor analysis. The outcome of clinical infection was tested using bivariate conditional logistic regression for each potential risk variable. Predictors determined to be significantly related to the development of infection (either statistically or clinically) were fitted into a multivariable conditional logistic regression model. The dependent variable was the dichotomous indicator of infection. Independent variables included demographic, behavioral, and biomedical characteristics of the individual and (when applicable) their colonizing isolates. The maximum likelihood estimates were obtained with the use of an expectation-maximization algorithm. Heterogeneity by gender was assessed by stratified analysis. Using a 3-to-1 match, our study had 99% power to detect larger effect determinants (odds ratio [OR] = 2.5), 95% power for medium effect determinants (OR = 2), and 60% power for smaller effect determinants (OR = 1.5). Power analysis was not conducted for analysis of clonal heterogeneity. All statistical analysis was conducted using SAS software version 9.4 (SAS Institute, Cary, North Carolina).
RESULTS
Epidemiological Data
Between March 2011 and January 2013, 82 case subjects and 246 control subjects were enrolled. Participant ages ranged between 18 and 71 years; 51% were women. The median time between diagnosis of infection and study enrollment/screening for colonization was 1 day with a range of 1 to 20 days (interquartile range: 1, 5 days). Half of the case subjects (n = 41) had SA confirmed by culture; the remainder had either negative cultures or no cultures taken. All but 3 of the case patients were diagnosed with abscesses, although 5 did have concurrently documented cellulitis. The 3 nonabscess cases were (1) a human bite wound, (2) a pacemaker wound infection, and (3) staphylococcal impetigo. All of these were culture positive.
Cases and controls differed over several hypothesized risk factors (Table 1) . It should be noted that analysis of these determinants stratified by study site (Sing Sing or Bedford Hills) showed similarity in the direction of risk relationships (Supplementary Data) suggesting comparability of the 2 prison populations. Variables included in the final multivariable model were age, body mass index (BMI), history of piercings, shaving of the legs, participation in group activities, diagnosis of diabetes, history of skin infections, previous antibiotic use, and SA colonization (Table 2 ). There was no evidence of multicolinearity among independent variables. The only variable with heterogeneity with regard to gender was BMI, although stratified analysis was not significant (P = .062).
Microbiological Data
Among the 41 definite cases with clinical cultures positive for SA, 19.5% (n = 8) were not colonized, 29.3% (n = 12) were colonized only in the anterior nares, 19.5% (n = 8) were colonized only in the oropharynx, and 31.7% (n = 13) were colonized at both sites ("dual colonization"). Those with dual colonization were further classified as concordant (eg, identical strain types at each site, n = 8/13, 61.5%) or discordant (eg, different strain types at each site, n = 5/13, 38.5%). As 2 of the 41 SA-positive clinical infection cultures were non-typable, they could not be compared with colonization strains for genetic similarity. For the 39 definite case subjects for whom the clinical infection isolate was typed, 31 were positive for colonization at one or more sites. Among these, 71% (n = 22) had identical staphylococcal strain types between the clinical site and at least one of the colonization sites. Twelve (54.5%) of these 22 subjects were identical with the nasal colonization isolate, 5 (22.7%) were identical with the oropharyngeal isolate, and 5 (22.7%) were identical with concordant sites of dual colonization. Among inmates who had discordant dual colonization, none had an isolate associated with a clinical infection that was the same as the throat carriage isolate. As such, if one of the colonization isolates had the same clonal type as the clinical infection isolate, it was always that of the anterior nares. Among those with dual colonization, staphylococcal carriage isolates from the oropharynx only matched those from the clinical site if there was concordant dual colonization with the anterior nares.
In sum, 103 control subjects were colonized with SA at 1 or more sites (32 nasally alone, 50 oropharyngeally alone, and 21 dually colonized). Both sites of colonization had significant clonal heterogeneity. Of the 37 different spa types found in the anterior nares of control subjects, the most common were t008 (n = 6), t334 (n = 6), t922 (n = 4), and t002 (n = 3). Of the 45 unique spa types found in the oropharynx of controls, the most prevalent were t002 (n = 11), t008, t0334, t922, and t359 (n = 3 each).
Antibiotic Treatment and Susceptibility
All but 15 of the case patients were treated with systemic antibiotics at the time of study enrollment. Patients not prescribed systemic antimicrobials were managed with a combination of local therapy (ie, drainage, wound care) and topical antibiotics (most commonly mupirocin). Among those who received oral antibiotics, the most common agents used were trimethoprim/ sulfamethoxazole (n = 31), cefazolin (n = 18), doxycycline (n = 7), clindamycin (n = 5), amoxicillin/clavulanate (n = 5), and ciprofloxacin (n = 5). Fifteen patients were treated with a combination of 2 or more antibiotics.
The majority of clinical infection isolates (73.2%, n = 30) were nonsusceptible (resistant or intermediate) to oxacillin; 92% of isolates (n = 38) were nonsusceptible to penicillin. The majority of isolates (70.7%, n = 29) were also nonsusceptible to erythromycin. Although nonsusceptibility was much less common for clindamycin (7.3%, n = 3), these isolates were not tested for inducible resistance by D-testing. Nonsusceptibility was also common for levofloxacin (36.6% of isolates, n = 15). No isolates were found to be intermediate or resistant to gentamicin, vancomycin, or linezolid.
DISCUSSION
Although little is known about the epidemiology of SA infections in prisons, several important investigations on staphylococcal disease have been conducted within county jails [8, [11] [12] [13] [26] [27] [28] . Jails and prisons, which are often referred to interchangeably, typically represent distinct environments with unique populations. American jails are locally operated and hold individuals awaiting trial and those sentenced to short terms of incarceration (usually less than 1 year). In contrast, prisons incarcerate convicted individuals, often for several years. Administered by states or the federal government, prisons hold inmates that are less transient and possibly more amenable to longitudinal public health interventions. To date, the largest characterization of MRSA clinical infection in jails was reported by Maree et al in 2010 [11] . This casecontrol study, which was performed in the Los Angeles County Jail, enrolled 60 inmates with MRSA infection and 102 uninfected controls. MRSA nasal colonization was found to be significantly more prevalent among case subjects compared to control subjects (35% vs 11%, P < .001). Apart from asymptomatic colonization, MRSA infection was associated with lower educational level, lack of knowledge about "Staph" infections, lower rates of showering in jail, recent skin infection, sharing soap with other inmates, and less pre-incarceration contact with the healthcare system. As several of these factors related to education and hygiene were potentially modifiable, the authors proposed jailbased interventions including increased access to daily showers, availability of liquid soap, and education about SA infections. Smaller reports have shown such measures to be effective in decreasing staphylococcal infection in correctional and athletic settings [9] .
To the best of our knowledge, this investigation is the first case-control study of SA clinical infection in the prison setting. Our study identified several statistically and clinically significant All data are number (percent); "high school grad," graduation from high school or certification of high school equivalency.
Abbreviations: BMI, body mass index; HIV, human immunodeficiency virus; OR, odds ratio.
* Total numbers of subjects as per column heading unless noted by star; if subject data is missing on particular variables, the correct denominator appears within the chart. a Piercings reflects 1 or more of the following sites: ear, nose, other facial location, abdomen.
b Group participation included one or more of the following activities: counseling services, vocational activities, educational activities, athletic activities, social activities, ethnic groups, hobby groups, gang membership. c Indicator of history of infection is composite variable measuring whether an individual had one or more of the following characteristics: use of systemic antibiotics in the previous 6 months, use of topical antibiotics in the previous 6 months, documented history of skin infections. d Previous antibiotic use measures either topical or systemic antibiotic used in the previous 6 months.
e S. aureus clonal type spa t008 often corresponds to the epidemic strain USA300 (a pulsed-field gel electrophoresis designation). inmate-level factors associated with staphylococcal infection. While our investigation evaluated similar behavioral factors to the Maree study [11], we did not find level of education, frequency of showering, or sharing of hygiene products to be associated with clinical infection. This likely relates to differences in our study populations. As jails hold large and transient populations, crowding may contribute to poor hygiene habits that increase the risk of SA infection. Interestingly, 2 behavioral variables (piercings and participation in group activities) were found to be protective against staphylococcal infection. Although the mechanisms underlying these associations remain unclear, it is possible that the protection of group activities is explained by reverse causation as infected inmates are often in isolation and/or not allowed to mix with the general prison population. Given the lack of hygiene or educational determinants in our study, possible interventions proposed for the jail setting may be ineffective when applied to prisons. Although no demographic factors evaluated reached statistical significance, we noted a consistent increase in odds of infection with rising BMI. Previous reports have noted similar associations between obesity and both community-associated and hospital-associated SA infections [29, 30] . Identification of obese individuals as those at elevated risk of infection may facilitate the development of targeted prophylactic and preemptive strategies. Similarly, the biomedical variables found to be associated with infection (diabetes, fair/poor health status, history of skin infection, previous systemic and topical antibiotic use, and staphylococcal colonization status) may also be useful in identifying those inmates at high risk of clinical disease. Taken together, such information may be helpful in the design and implementation of infection control initiatives (eg, targeted nasal decolonization) aimed at those individuals with the greatest potential for benefit.
Several microbiological findings of this study are of particular importance. First, our study demonstrated that communityonset MRSA driven by clonal type spa t008 (often corresponding to the epidemic strain USA300) causes the bulk of clinical infections in the prison setting. Second, the pattern of asymptomatic SA colonization may have important implications for clinical infection. The oropharynx has only recently been recognized as a common site of staphylococcal carriage in community populations, with some studies showing a greater burden of colonization at this site compared to the anterior nares [21] . Despite this, the significance of oropharyngeal colonization remains poorly understood, and its association with clinical disease has yet to be determined. Although our study showed a concordance between isolates colonizing the nose and those causing clinical infection, it was not adequately powered to determine the significance of this association. Larger studies may be better able to define the clinical significance of oropharyngeal carriage in the pathogenesis of staphylococcal disease in the community setting. Such information may have significant implications on infection prevention strategies such as screening and decolonization protocols.
Some important limitations of this study must be acknowledged. Our case ascertainment, although standardized between prison facilities, relied upon provider recognition of probable infections. Our study team addressed this limitation through quarterly meetings with prison-based health providers focusing on signs, symptoms, and treatment of staphylococcal infections. Although all medical providers received the same training, it is likely that there was variability in the referral pattern between practitioners, or perhaps by the same practitioner depending different circumstances. As surveillance for purulent skin infections is not performed at either prison, there is no documentation of the total number of incident staphylococcal infections at our sites during the study period. Because of this, we are unable to formally define the differences between the total population of inmates with skin and soft tissue infections and those included our specific sample. Another threat to representative sampling was our exclusion of inmates placed in solitary confinement. While this was necessary for protection of study subjects and research personnel, it may have excluded both case and control participants. Inclusion of both probable (those without positive clinical cultures) and confirmed (those with positive clinical cultures) cases is a potential source of misclassification. Previous studies in the community setting have shown SA to be the cause of a large majority of purulent skin and soft tissue infections [14] . A sensitivity analysis repeating the same multivariable analyses with probable and confirmed cases separately showed identical associations, supporting our method of case ascertainment.
Additional considerations for interpretation of study findings relate to our use of case-control methodology and its employment of retrospective data. Several variables analyzed for their association with clinical infection relied upon selfreporting of past or current events. As such, reporting or recall bias may have impaired our ability to accurately classify the presence or absence of hypothesized risk factors. With regard to microbiological data, the retrospective nature of casecontrol studies impairs our ability to define the direction of causation. For example, our study demonstrated a significant association between staphylococcal colonization and clinical infection. While this suggests that nasal and/or oropharyngeal colonization may be a risk factor for incident infection, one could also argue that staphylococcal clinical disease is a potential cause of asymptomatic colonization. Further complicating the association between infection and colonization, individuals receiving systemic antibiotics at the time of nasal and oropharyngeal sampling may have had transient suppression of SA colonization. This, however, would bias data toward the null. As MRSA nasal colonization is believed to be a risk factor for subsequent MRSA infection (especially in hospitalized individuals), concerns regarding causal inference are partially mitigated through comparison with the existing staphylococcal literature [4, 31, 32] .
Despite these limitations, this study provides tools to address an urgent public health problem among a large and underserved population. As has been demonstrated in several studies, prisoners carry a high burden of SA colonization and infection. Upon their release, they likely contribute to a community-based reservoir of SA among lower income populations. The prison environment provides a unique opportunity to identify, screen, and treat high-risk individuals that could otherwise be missed in the community setting. Our study results have direct applicability to the design of such measures and may potentially contribute to the health promotion of both prisoners and the communities in which they reside.
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